INTRODUCTION
The effect of central corneal thickness (CCT) on the accuracy of intraocular pressure (IOP) measurement by applanation tonometry was first suggested by Goldmann in 1957 . 1 Later reports evaluated this possibility and suggested that Goldmann tonometry may underestimate IOP in eyes with thinner corneas and hyperestimate this parameter in eyes with thicker corneas. [2] [3] [4] With the advent of excimer laser refractive surgery, the number of iatrogenically thinned corneas has increased in the last 15 years. 5 This new generation of patients faces the need of an accurate IOP measurement. Similarly, patients with structurally normal thinner corneas and progressive field loss as may occur in normal tension glaucoma need reliable IOP measurements in order to establish their target pressures.
Attempts have been made to circumvent the effect of CCT by methods of IOP measurement that theoretically should be less affected by CCT. [4] [5] [6] The Pascal® dynamic contour tonometer (DCT) is a nonapplanation contact to-nometer designed to be largely independent of the structural properties of the cornea (Swiss Microtechnology ® ). 7 The DCT has a specially designed tip with a concave contact surface of 10.5 mm radius that matches the contour of the cornea. Pressure on both sides of the cornea is equalized as the cornea takes the tip contour, and a pressuresensitive area in the center of the contour surface with a built-in microprocessor provides a direct and continuous transcorneal measurement of IOP that is independent of corneal properties. All forces exerted on the cornea are compensated by a tight-fitting shell created by the tip of the tonometer. Theoretically, DCT may measure IOP most accurately in abnormally thinner corneas. Keratoconus is an ectatic degeneration of the cornea characterized by progressive thinning of its central region and significant increase in its curvature. 8 Several studies have demonstrated the influence of altered biomechanical properties of ectatic corneas on IOP readings. Bohm et al 9 showed that Goldmann applanation tonometry (GAT) measurements were significantly reduced when measuring IOP at the conus peak in comparison to the unaffected area of the cornea in patients with keratoconus. Brooks et al 10 also correlated IOP measurements with corneal thinning and confirmed that GAT measurements were significantly reduced at the apex of the cone. Furthermore, that study found that corneal thinning was not the only factor, as IOP measurements were also reduced in patients with large sagging cones without corneal thinning. 10 We found no recently published data regarding to the possible influence of ectatic corneas on IOP readings obtained by DCT. Our study was conducted to compare IOP measurements by DCT with those by GAT in eyes with normal corneas and eyes with keratoconus.
METHODS
This was a prospective comparative case series. Patients with diagnoses of keratoconus were recruited from the list of patients waiting for penetrating keratoplasty. A control group of normal subjects was obtained from the General Ambulatory of Ophthalmology. The research followed the tenets of the Declaration of Helsinki, and informed consent was obtained after explanation of the nature and possible consequences of the study.
The keratoconus diagnosis was defined by clinical examination and confirmed by slit scanning topography using the Orbscan IIz (Bausch & Lomb®; Rochester, New York, USA). Only cases of central steepening with coincidental thinnest point (nipple morphology) were included in the keratoconus group. Subjects with any other ocular pathology, previous corneal or refractive surgery, stromal scarring due to acute hydrops, or any other corneal opacities were excluded.
Subjects meeting eligible criteria underwent IOP measurement by Goldmann applanation tonometry (GAT) and by dynamic contour tonometry (DCT), ultrasonic pachymetry, and slit scanning topography (Orbscan IIz).
The examiner performing the Orbscan was different from the ones who performed the IOP measurements in order to avoid bias by previous knowledge regarding the keratoconus cases.
The IOP measurement was first obtained by GAT in the central cornea. The mean of 2 consecutive measurements was recorded. If the first 2 readings differed by more than 2 mm Hg, a third reading was taken. Goldmann applanation tonometry measurements followed the guidelines from the Eye Care Technology Forum for standardizing the measurement of intraocular pressure for clinical research. 10 After the GAT readings, IOP was measured with DCT. The DCT is mounted on the slit-lamp similar to that used in the GAT readings and provides an absolute numerical output of IOP after coming in contact with the cornea for about 5 seconds. A 'Q' value is also displayed with the DCT measurements; it refers to the quality of data obtained. The 'Q' value is graded from 1 to 5 (Q1 is optimum; 2 and 3 are acceptable; 4 and 5 are unacceptable, should be discarded and the measurement repeated). In this study, 2 consecutive DCT measurements were performed in all eyes, and only Q1 and Q2 measurements were accepted. The examiner performing the DCT measurement was different from the one who performed the GAT measurement.
Lastly ultrasonic pachymetry was performed. Three readings were taken, and the mean value was obtained for each subject.
The mean IOP per group was calculated for both GAT and DCT, and the differences between these mean values were compared in each group. The statistical tests used were the 2-tailed tests, the t test and the Fischer test, using the SPSS software (version 13.0 for Windows). A P value less than 0.05 was considered statistically significant.
RESULTS
A total of 49 patients was examined. Ten out of 32 patients with keratoconus (Group A) and 12 out of 17 patients seen at the General Ambulatory of Ophthalmology (Group B) were included in the study according to the pre-established criteria.
Demographic data including gender, age, and race are presented in Table 1 . No significant difference was found regarding gender, age, or race between groups (P = 0.3; P = 0.1; P = 0.7; respectively).
In group A, the mean keratometry (flattest reading) was 60.6 ± 9.5 D (diopters) (range, 49.4-81.0 D) and group B was 42.7 ±1.7 D (range, 39.8-45.3 D). This difference was statistically significant (P < 0.0001).
The mean CCT was 387.8 ± 53.3 µm (range, 298-468 µm) in group A compared to 551 ± 1 5.3 µm (range, 530-576 µm) in group B. This difference was statistically significant (P < 0.0001).
The mean GAT measurement in group A was 10.3 ± 1.8 mm Hg and in group B was 14.3 ± 0.75 mm Hg. A significant difference was found (P = 0.024). In group A, the mean DCT measurement was 14.6 ± 2.09 mm Hg, and in group B, the mean DCT measurement was 17.4 ± 3.1 mm Hg. This difference was also statistically significant (P = 0.026). The ranges for GAT and DCT measurements for group A and B are shown in Figure 1 . The difference between GAT and DCT measurements for group A is shown in Figure 2 .
DISCUSSION
Since the last results of the Ocular Hypertension Treatment Study were published, CCT has received much attention because of its influence on measurement of IOP. 12 Being the gold standard for clinical measurement of IOP, GAT assumes that every cornea has a standard corneal stiffness or resistance that tends to oppose corneal flattening in a determined surface area (ImbertFick law). 1 However, thinner corneas tend to be more elastic and may lead to underestimation of GAT IOP measurements. [2] [3] [4] [5] This fact is clearly demonstrated in Figure 1 , which showed a significant difference in GAT measurements between eyes with keratoconus and normal eyes (P = 0.024). A manometric study by Ehlers and Hansen reported an underestimation of IOP in normal thin corneas. The underestimation of IOP measurements was around 5 mm Hg per 70 µm change in CCT. 13 In that study, no information about eyes with ectatic corneas was provided.
In our study, we also observed that eyes with keratoconus had lower IOP readings with the DCT than normal eyes (Figure 1-DCT) . This finding was not expected, since DCT should be largely independent of the biomechanical corneal properties. [5] [6] [7] One hypothesis for this result is that IOP is truly lower in eyes with keratoconus compared to normal eyes. Another possibility could be related to measurement limitations of the DCT in cases of keratoconus. These limitations could be related to the discrepancy between the radius of corneal curvature in keratoconus (elevated keratometry) and the DCT tip, the significant thinning of these corneas, or other corneal biomechanical abnormalities (such as abnormal hysteresis). Until now there have been no published manometric studies in eyes with keratoconus to prove that the "true IOP" is lower in these patients.
In spite of the low IOP readings with the DCT in the keratoconus group, they still are significantly higher than the GAT measurements in this group, as shown in Figure 1 .
In summary, IOP readings by DCT were significantly lower in eyes with keratoconus than in controls (P = 0.026). Manometric studies in eyes with keratoconus would be helpful to elucidate this finding and to determine the value of DCT in eyes with this corneal pathology. 
